WAVES AND SOUND 



PJHjWM fB*1 UfrW 'fl|1>lfli ONW *lft I W»f 

W5^3|Wtl ^ ^l»llt»WC¥ 3^*61 WMIffl *ITOI *lrtJW4 ^tTOt W TOW 

TO jibi TOnrt TO»t , tot , 'tero idl^n fi , 1 iror wf, TOr shjfa f^w I tor i l 

^TOJlI *vk tlPI 

1. TOWlfl W^^JWTOW<1TOi 

WIT TO*T *lt*H TO*, *wcw *ttro i 

10. TOO*lfl MWi *JNJ| TOW *tTO ! 

6. «^fli ^iHjI ^ipB I 

fr. 3ta w ^>^1* ^jWjI ^nw HTO I 

fc. "IWfl C^l, ^Hkp i^'WI®! I*Tid5s *iH^ HMH TO*^ cdw n[R*i^ 

MfihlM TOW *1TO I 

Wro ew!a *1(8 ^iMit tow itroi 
V. dl^ta ^’fNt^e (iiOTS ^jHjI tow *tTO I 
h. iWfl %f xs i0yal ^jNjI tow *ITO I 
io. TOtf « Wff ^atfeojtwu dW*[^M3rTOW*tiroi 






Waves 


^PEjSRT 1 % ilftc* 4 TOfl> % ip? TOTO ^W 1 I ftTOfc TOR dPw WITO® TOW WW ^ TOItis 
4*1 Mwi wtPTOto ^ i <4$ towi% TOt^it *ttf4®f f% vifljwiw topto% tow i tirstw^f 
TOtW ^Hite TO TOWFPH WTOWCT f^BJTU to rtlw I *11% Vito! TR 4*fiJ 
®iwi*ll TO to? TO WWI to 1 WIT TO I WWJTOTO«tBl T| 

•ift 4 itctoj *1% tow w *%^s wfp *tt% $*i?r tor vw miA - 

to tocto^ to i *fiftc* wtwroiw* toww *tt% P*r ]yjB a J 

TO*TPpp< CT TOf 5 ^ 5 %S ^ ^1 TOOT 4 TOTOH HhL 'sHF ^ 

<T3 ^nJTOTW WTOlto TO I TO! *1% ^3TOTOR 

W6TO «mHIw TOfltto TO l 

[ M. 1 

W *I%JW WIWTO1H cTOCHI W? TO3CTO «wTOH WCTO % : ^ 

wtotoiw i i% wito “to to? totott TOitotw TORi^to tow TO tocto tostto to i 

TO$TO ^ 53 W TO < 111 !% TOTOW W TOWST TO TO TO%TO TOJTO I * 11 % TOjTO/^f TOTO TOftflTO 
toitoi ^lP^^^^fTOro?r^to%«it*t^TOJ^«iail^i TOr ^toitototTOTOd^^to«to™ w 
WfcTOTOTO^TOWTOl «^RlTTOlTOl$TO5t*TO^STO I 

$13WJ W ' 5 ^ETH TOTOfW TOTTOWRff TOTW15TO '•J^pTW TO%ITO TOW?T TOJ %HTO TOTOTO I TOflW TOW 
TOW I^RHM^ TO<jm ^6 wlw ^TOWf I 

TOCTO frqtoJTOjp %pp 

>. TO e tttoTt«J ’’■TO^ TOW , =gps> 1^5»^ ^il*j[c*iw ^ttfil' TOHI^M ^5T ^It I 

<. TOl*dlTO TOJTO 'WITOfl TOTTOTO WWWM I 
o. TOTO <4TOTOtW W6TO WTOWIW "1% ’WTOR TOW I 
8, TOCTO <TOf TOTOW* $3'^% $*TO %* TO I 
<t. Wc*fc Wf%TO*R , *ltWirt « 6TO5HMH l 

wroaroiw 

TO^t^SlTO: >) WTO 0 TOTO I 


Tow : ISww *iiHi 44 ti *pto k!^ to® i ttprpsrt^® m^ft '•fcf totoftofto tow TOtro® i wro 

d*^ 4 QT TO® 4 *fiff— Rcfr TO TOW-TOW TOWITOT TO I 


TO^W 4.< IS 644 ■ittll WWffr TOCTOif ^jl® <64 I WTO 4W 
TOTO TOTOR TO v-lwfl 1 % t 5 TO-to TO TOCW-TOCW to^f fru 
TOW Iff •!% to W^qto I »£ITOCW TOTO 6 TO to TOWRT * 1 % 

%TO TOW TOBfflfe TO WTO TOtTO I ^ TOlTOt ^CTO W^WTO ' ^ 
TOJTO | ^TOJK TOTOt TOW *#, W TOITO TOTOCTO ftCTO TOW -^T 
WTOTOM ^WTO TO TOWS TOTO TOW I *11% TOJTO W^ITO ffr 
TOJCTO4*TOWI 


1 1 * 









fSwm «TO I <flTO TO3T ftpffef ^ Bww 'TO TOF1- 

Rc^ aR ' 5 WI 5 H I ^] > ® 'TOl! 5 ^ Rw Rc*! 1%V ^ 2KIW ^jR> ^ ^ITO "5J® R*V1* 

Rc^RPT ifiF*fl> M ztolwa ^R> ^ I »tT£<?>iM « JJTO*f SR& *itoc«w Rt^ I ^Ntt^ 

Wl f H^t^ TO l 5 ( «Rc<? C^Rc^^sTO^Jl *-lci<i R^ <q^>©n(?»ta *(R?f 

R^ iiPis ?rat*®m ^ ^i Tjwnum w® *itft, <q ®s»t ^»r?w Rpw *tck w®ai*r5ra 

w*t^cni **<&* fcniwi i 


^^'QSJTO^I ^ 

Wave related quantities 

^ *t!M : >»acH* £isH t«pfc«il ^®!T RR$ f^J '’JJ ^FST 

^Kla R<*> C*i$ R*»jp© Rea '®1c9 ^^41> ^f J "'bt*i <i 8 

4 rtl?}^l i l : w ^STO ®sn3^ff tp^f% ' s r 5 i CT ®?rcvR 

C^H^TO ^sR ff *f*R ?p»f3 ^ ®tF? I *tftll4WC4 7TOT 

C*1t<P® (s) I 



^ItW : d& W<PC® ^'®*jc«n1 ®3Wf ^R* ^ ®1*G*ta *»IW ^f I ®SW| ^ 

csfw ®t$ 4HN» ^cHa i ^**iic®to ^ (Hz) i *w*rfR 

CW^t ^ C*it<wtti *^R ^4 *f*R W 'TO 1 Hz I /TOT SWf 

« *l$t*WlC , W ?T"tf^FlT /=— 

T 

R*ro : ®***r ^ wsen totcto tojwicto ^ *rtct ^fHs ^c® ^ i to-jwih 
twiwi «*^Rw '*imR 4'® R^w ^ i n.<t f&c3i <i ^pit R*©to i 

^fit : c^rf <^r^^wt#ff^TO c^iwichi »tR?iTOR^^»tt swi^?lR^ TO^fit^i 
iffa >ft n®^ w *tRfl R^, W(, t^ltR I Wflwfa 

' J r% «tt^ i 

Pn r* 








4 ^f& <j*f <p«ici CT W <?$ 

| v®5ic^ 4*1?r "PHI?! ^ 35*113 W3^©t 

^o^t A 3t3t (BR?^> 353t ^ i 43 (m) i 

to 31 Stf £W *Ml v©3«>1fr^J X I 

>©*1^1 C3*t : Rffii Rc<P vsfl^t 43 s C^C<PC'® C3 T J^' <^c<l \©1(.<? vsfl^t C^t ^C°l I 

<*.\s <pc^<pf 5 


A few relations related to wave 


3 >* y 11 'e ( P S 3 WT ^\4 

©rlR ^l r n^“jl o n 3^35*11 1 c^t/pc® WGI '©1 (. < p < ?**1l'e9 <k°i I 

^©353133 I ^ft^ <#33513 ism 
Jwcw >Nci* 3*?lJt lf& 

l< 7 TC 3 s^ „ ,, ^;f& 



i mwcgh 4 $ ^33 i 


1 

T 


(7.1) 


>©*Ht<H « '©*Ht | u^j* 3 OT 3 

*3331 wifi l wwco ^ 4 *nn 3^13 33 3 ft i l f& ^f *i^w 3 W 3 

W^t3 ^Fc^l"'© ^<^C<P ^©3^1tW 3S3 I ^wfc w^^itw A 3£3, 

1 f& *ff ^3CSJ '©flC'® > !3 '3if'S^|"'S = X 


/f& <p«to3 33t3 W£05t3 m>iR)^i«\o =fX 
t<Jt^ <pHI'#p/'©I^ /f&< 2 *f^© 3 ^tfr©ft 33 1 
^WR 1 C'^IC^C'® '0|R>S>|"VS TJ33) =fX 

4T>1§ vsfi^lc-q’l v I ^©3K^©3^1 C3 5 ! 
v = f X 


(7.2) 





SitaiH H.i : ^IvdIw CT ‘W ^R> 'sis v ®^'® > ! 20 cm I Hc^ta C^t 

340 ms'’^I€ « rtm\*\ CW ^ I 

C^t, v =/'A 


_ v 340 ms irTrtrt „ 
f- x~ 0.2m _ 1700Hz 

T= j= 170 o s -i = 0.000588 s 

= 5.88 x 10 -4 s 

1700 Hz ; 5.88 x 10" 4 s 


X = 20 cm= 0.2 m 
TOfS C4*t, v = 340 ms -1 
^mj= ? 
t= ? 


S .8 

Sound wave 

^RRJt ^flR 1 *N‘ zMfl Hl& I ^ "ife jh^jIRvd ^ ll Rf Wl'3 5 i?T ’TOTCT I '"t'T >o^1 Wll ^<pR 
'oaH I <4^ 'wi^l *o*m*jms 

^^loi « ahtacHa ^R> ^ (finlf I TOJ*l fan to I I I I I I I I I I I I I I I I I 

4$ 'vtiNtoto >0CT *RF» «(isfe WMIU I CT I 7[T ||||||||||||||||||| I I I I I I I I I I I 

'SsFifl ’W ^n RT I ^"Hi<p| , <pNa LJ HJ|J[ 

TRR TO fan 'otiw nsTO I fr I I I I — iiiiiiiiiiiiiiiiiiiii 

CT xaSt 4Mt* I n^R TOT TO ^RR nR col«ilfi Li |_J 

<p&iRl TO**f <ps C'oRlfl I f&31 


: ^Nn 4115 w *itR to i 4 lfa* «iito to i TO •bcrji ’URcvs^jr^jerclte 

CTOl®TO5fl iTOfa TO fan "nffifa^ TOT I TOfa^TO’JTO *HOTtf «ttRU0?$fa^t^? 


-qirSTS TO <toR»i TOW OTf& C^C 9 !^^ ^ 

wicH*i tou I 4 l 5 fa TO CTO CTO ^Hi'Q CTO 
C^ < 3 fa O^Q CTO C^ I CTOt CTO <?HTO TO? TO l 

TO 3 I CTlC^T TO? ' 4 Mc«t? CT ^Rrat C 5 ^ 1B Rt 
^llflMl liRR C^tWT ^IT C^l ll fW3 'Q Cfll'SHl ^f6 
W TJRTR ^C4 ^ ^*1W 20H Z C 5 ^ 

20,000H Z m TOT TO TO I 

f&3T: H.V 

H-n 'ofltHa 

(?TO1 ^"1W< WI ^ TOtTOST ^RT pVj(^JV|M4f ^5 ’STtWIfll TOfaR ^ I 

| 'oflcwlfl ^ ^Hc*m "TO 

| C^t $*131 I TOJW C^t 4 ^ 1 , Wf ^ 

cotfj C^Pf, ^*f5*i Hilt^ ^trat wR I “ICMfl R*©lww ^i*il^ilR>^ I 'sucwlfl 

C^PrTOTOra^ST C#T TO I ^ ^C® 1 < Sjf^R, Sjfewt « I crt 

TOTOTI >oMi||i£]| ^ 'Oit^'olfl '©^tsre I 



■ WTOTWil fitartBR ^ I 
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<\.<t 

Echo 

*l*f ^5T *BT (7ft (TTTO qfc»©l W©t ^WlGt* ^WC<Mt 

i <TOs ^t iMcis csrtra *i*f ^?m ^fT wS i ^5 <#r ^^itc 5 ^© 

ft^^f^<7ft^<?tM^n?n ^r i iw?r shI&jmmu w ^ 1 

c^iwt ^ ^ ^ cac* ^csr ^r *tr*ra ^sr, wr <t sdtvo^Piv® 

<TC7T I ^5f SlfcWM ^T7 *R% 2lffc«Wft ^T I 

ZlRxp«lL<PSf ^ i 1 J'©»l 

C^f^Tf ^WlSl 1 ‘t^f ^T ^K?T CM *BT (7ft 1 t^ <3J*t SfeT ^ (7TCW ^ ^HlltH* CSlOT 

^jm I ^IlSl^H ^C°1 I t£(t Yq 'SJOT 'OM J ll ht ^fC^f C*Tl^jC°l ^©t 'Sll^l ^Ptl <PW 

"*jpft© “'lit 'ft I c^iwl ^WlSt > 1c"*t?i 2jf%*ftft ’‘Jfftfs *c°n Kilwp«nw ^7f (Tl^ 5 i*PR 

^ ^Hff© ^T ^ 2f1%?pf^© ^ fiter *f7fff© ^ OTW w ott mft <J°c ^©m**im ^ff© 


*tTOf <7tf 332 ms" 


*ETf ^1 '©to — o>ic<K^ ^ 33.2 m ^ I ^©aft 
10 * 


2 l|v©*M 4 W GJN 5 T cmw WCT 


33.2 


7777777 - 


2 m ^t 16.6 m ^W© ^ I 
^®T C^lt 2 lf%*flft C^THT^flS 'ftC 4 5 f? 


h h 


T 


yy///- 


Btfl: 


2 tf^flft?t <fmls 

Uses of echo 

^pbt *t€l*r®T Wit : 2 ifaRfl?r wu np ^f^f ^wsr toct <#f?t 

^lRv©«n w *t©ta ^rlt^ ^©t 4 <rt ^n?r 1 c^twt ^*tj| 

(7ft *T^f *ltft ^ (7fc4 2llvs<pp|v© ~5{$ ^ C*M 

THU 1 t£)*Rf <3 (7ft 2|%^f^ CHHIff 'SfWof ^Rt ^ifel ^li^lc,<JJ ^t ^l?t I 

^ *|S|nvol h , 

■*r*t « 2 jf%«^f^r c*tTO ^r^rj^f t, 

ic tr^ c^\ v, 

*i*t ^e?n?r ^ ^ ^ df©<pPiv© ^c?t ej^ ftra ^hc^© <th^© 2h ^rf%^r 


^r©^, 2h = v x t 

_ , vx? 
^t h = 


(7.3) 


^cH*! <9 llf^ »l®?r®T 16.6 ^ssf wi , 2lfe^R Rjfe-9 tilt ‘‘iSWifS <wi ^c<i 7 Tt I 

4 <l>t© 1 (.<l ^tl^f ®ft^« ^ I 







TOpra*^ 

*iK 1 wj$ TO? TO WT I TO? ®OT POT I TO? Hcrta* ^Hlwa TO ?TO TOP® 
*IOT TOBf 1 J*OT« TOST \<£$ TO TOdl pTC® *tt§ •ft I TO? TOflTO ^'HIC^M TO fc$ft TOS *1NW 
few PftI I £ TO CTO^t 3R><r#lC4 TOI C*OT TOfa TO W * ^®l ^OT ififta Wt TO ^ <J?P® 
TO3CTOTPT CTOFtt^Jssjft^lTOtl TO? <£F®OT 1 ®t5t1 3 ITOQ <OTI TO TOT C*OT TO 



f*ft?l ^ TOJ ^ptP® *tOT PI W*t WRt*tf ^tC^, <7J$ *W <&!<$ <7f EOT I ^t*i<P TO3f TO? 
t^ l jjfi < p 'olcsw *ifSq» ^<HH f^4?J q^c^ TO! ^?T I <P(.°i OTT H ®?fl 8 T ^5 '©Icqq TOT Rcq toj o®i|q 

*toff * TOtro 5 w (^t TOs * %m ^uo to?** "fiJtam toot ^rorm cro to 

qlipra "iSlcqq TOT %?T 1^3^ zHify® TOt TO I TOTOWI tq^fiq* ^®OT TO 

TO? CTOtTOl 

TO? TO 1,00000 TOf qHUw* TO ?TO TOT® « TOST I 

n.l iW3f«C*Bf*l9^ 

Variation of velocity of sound 

TO^T TOOTS TO ^fftP® ft^»t TOI CTO I 2jf^ C?OTTO TOTOfct ’W^feR^CS^ 
*ftTO CTOTOTI *fcTO Ptf 4WJ*fS ffattW $TO ft^sT TOST I 

TOOT**J^fa : ITO^TOOTTOrac^fTO^ I TO I 

20°C TOTOlffi TO?® TOm <3*t 344 m s' 1 , TOP® 1450 ra s' 1 , TO (TOft 5130 m s' 1 1 TOW®OT 

q*il 4lt^ , o 0>Cn tqPl 4lS*i 'TOitC^ TOGOT c.qp| I 

%TOTO :^$$fl> TOflftTOC^fctTO I TOl^fftW »i**q| ISq*i TOTOU#>t »$n><.q»TO?TOI 
P®1TO TOL **1^81 rflfcftl ^ TOw TOt W^l TO3 C^to TO TOw <?T§ TOt CitTO CF&| 

TOI 

ft TOt'pP© TOW? ^St^jTO® TOW I TO*t ^OTO^TOTOt^^WTOTOt^t I 






1*0 




■WMlfifli •flHtfl <rs *ljp5 ICMfl Wlfl TO ^1^ I i*WHJ ll^lCfl 1C*M CVt 

afti 

%t* W : 2<J°C ®mwm 4typs HM< «»• 344 m s' 1 1 0 0 C«MTOWa*t332ms' 1 l *lf* 1°C 
wH^lifll -ql^tw Hf'rs a*f Tw^'jP^ *IHTT 

^r«il^i ! ^Hji ^Pdrtpr law a»f ^P<t *im i -ssht ®is wit iw at 

aft i 

3.tr 7jftJW|*%lp8 41>H WM 

Audibility range and ha mei 

rfiyiLTO 20 ^rt^(Wtoi 

c 5 ^ dc¥ fcvig Hr dw i *Nw ^faisi piw® 20,000 ^fir ^ dPt 

20,000 Hz I ^ *I131W STOSST m (Audible Range) VJI ^ ^IW 20 Hz ^ TO 

TO w\ wlc^ -lew*! (Infrasonic) vH'i TO I ■vHiwp 20,000Hz <aw dPtTO ic*rhas 

(Ultrasonic) Hi ^T I Hcntwa Hf nl-jjw l^-w ^t tfTO Hi?, ^JT f dhlRq 1%^ 

'flHT^VlsJTOCW *tlETTOl3I ‘i'tcw® ■*ltBTI 



ICHlW ’iCTff CJCTlW « 

HPS* l8fa*T fMt = ^7 sonar m* ^ to?* to 1 sonar <ra *pBt 

TO Sound Navigation And Ranging 1 4$ qc"<a IWI^SH Hr GSK * TOdf TO^it*(ft£l 






(Sifts 

♦ilfarTOT ^ *iwlw **iicpw Hr frdft tocotttottoi ^ Hr ^uja 'towci 

TOT cro tou 4*ioj fci i 'ntakiu ifcdTOtTOi Hr csfcd ^ toa wf £ "tot 

flcwi TOPrTOBnsv | i*i B i cro TOt TO i *wt TO ^ *ito f jrh *fSbwi i ftft *llftw TO?r 

CTO vTO^d, 


(7,4) 








i*Fat«at ftw d+d = 2d «Wa1%3a^cai ^R IC^fil <&\ TO $*R3ja >f*ll*drta aSJOT 
a^Eja 40^1 Wa ^?fT ^ i 

4 ttty 4 aaat *iQ*?ln ^at: «iiwh ^i^R<p cafta caa wic* ala aiat *i*,w ^fts *if 3 i**n ^at 
atm iiftaawaiataat t^aiataPtfjfc^aw? R>f4«i qjt< ca$ *tiftaaw ic^tw 
cSstfTOtam ^ iar a»Mo*a •m*iiw ai^ta caa ^ca ^tca aia ara i 

oiM IMca : al^aa wsa ^wasSH aft wf alat cw rstat aia <reaa iottea a^wa 1 fffa 
wcaj aft ^<pi earn ft4a ^at aia i »$$ dftata aia (Ultrasonography) i aa cacaa 

q ro « gg cgfiK ^ar aa ^ afeyfog »nrep qrcare *f%re y i f^a ^a cSftfeiH* «f% rear aa i 
^rea ca'iwT Q3W ata*i*i aat i 

fSftw^cTOTi ^twa (T^at ama c^tata «hj iww 4*®nRa ^*a^aaif^t^a^^ 

^’taare^aa i 

^rjHj^IW: ansafte ar <he® ajwaa ^f&a ^ifiS^to '^aw a^, 

<NT£?1<! ^Iw8 ^Ic^tlw < 9“ , *^c*ia awg>® ~$8 I 


iw^aMtwaac^awla : 

neaw a^ew %n^aiHz <*ip* 20 Hz 1 ^ a^caa *ra 
at^a ’jaog *w extent c^tw #av? ^prc® *tiai alfe ^ 
a^icaa aa aiat fiwwa aw cawrwfl ?wt asa roii c^iwi^i 
1 ^f%a)?i "W ayja w® ai ^fta*^ laa^aiaafffta* 

%^a i tac c ta aaa ^ *fw®a ***twa aa <sai ait^pa 
atajea a^aaw^wa 1 

ffca? <*.*« 

aiftffc* fcwH 4.^ :R% ^ arc? #$ca <s& w>®iPiflfa 1 ^’wa%^*ra *tt^ ca^l^a 
<oca 1.5 s aa^aqR dHfcaai $ aaa ai^c® *fcaa ca*t 340 ms" 1 asa H^lfSa awarat awt 
aatata : aatai^a% jwwi di ^aK^aiaaratt, 



2d =vxt 


'awa d 


vxt 


2 

340 m s’ l xl.5 $ 


Wt v = 340 m s 1 
W r= 1.5 s, 
sM^zw trf= ? 


2 


= 255 m 
^satia^ta sfw 255 m 







s.* ^ Z<p\§} 

Musical sound and its characteristics 


siRPr ^ *ift i tm to toi^r w\buw ^ , toiwft*i?r ^R> 

*Pf,RBsj <il'wic r, isra ls \^f $v©j|R siR>R*i •Jw ^ft R 5 1 R>^ R 5 ^ "^cvs 

°Tt^t R^R^t's ^Rxp 1 ^®!^^ I '^'sgFofl R^ 5 fe?T Rol^q <wqc°i *Pf '"ffi I 


^T© *Pr RsjRv© 'Q <P«ici*l Wf <31 ^ ^ 'qtolciS ^tFT TO 

^ vsic<p ^515® '“t' 5 ! ^r I Rgi^ whl , ^Pt d^R> <iIij<jc"^^ lt l 75 f -^^js 1 *ht i 

»p^2® <RPl$J 


RifS (RPl^j 2flW ^T v©lsvo| (Loudness or Intensity), '©I’^'ol (Pitch) ^ ^«t ^T 
(Quality or Timbre) I 


2jR®TT^t '©R'®h 2JtW ^t '©l^'si W^s 1I PT W6t CBrt^ ^sT I *f*t R*s1wa ®l^lc<l ^Nt 

^^5 w to afe wc 4 «> ot ton "fff stto© ^r ton ^ i si 

*£l Win " 2 i 


"ic^tfl c*i t^Pi^i Rc*j adhc^ijfi ^ tot 'sjwj ■ y ii4<pj ^ptt ^mr ^ic^p 
'ol’^vsl I '©1^1 <pHlceq>*l R€?f ^?T I -qi-HI'wp W C^Pt ^ WTOT^?I i£f^ 

v ®)*9jvsl ^T vs vo c^Fl I 

«STC$ to! « ^Sl^vel^ *TC*r<I 'STWT 

v ll4<PJ ^ph 'TO vs|c<p 'ST I (vs <^C°1 I 

■jjSMSI *N*I C^R^ ^TlSt 'S PP3p vol^ ? 

*ma *wic*di ^ ^ Vocal chord i ^ csm 

wi w ^ R4® ^ ' 5 r^5 ^it i ^ros?i 

^ i (^spr^^ Wf^ 5 ^cisi ^i®rt^ <r 

^*mi^ c#r ^ri ^cm ^ ^sr orifit R 5 ^ Pp( ^r 'Hfllt^wi 

^i 


^.bo 

Noise pollution 

*IBFl8fr C^ttWM « ^!hHSih!W55 W ^ I tof *g«ller31*l H 'Q c#im *m I 

Rf%^ <?^ <^fi?nM ^s* ^fgraw% ^ man R^f% to 

-spRj^jtH ^s*M ^ot^ 5 ^ ^ I 

'Mtow ^Rt«f ^ito, cmw^r i^r, c^Nito, tor <?pitoi?r ^qthw, «nf^r 

^re TO, dW <^to « ci5RR> A iW5 ] ^ ^Bppw ®cv^i®rw®f * 



'aiRsto ^ Scs'eril ^l?1?r G C^IWlW ^ i ^ ^5R, ^T 'sp^ft, *j>$t>M 

'S i|Pw*M 0W, ^RulerFte ^I^T, * WlRSN ^ *fct, 4*rWol5PT, 

JiR, ’SJM <?M zJ^R) ■*pR> < 9l$<p *)R> <pcs I ^iK'sR *I*F *j1^c<w y^Hli TOC's ‘HlW I 

<T^( *|*F TJ^t *j|*l|v3|<P <P51^ I 4?T <P<1t®l *\G5 SfR^ ^ps| G# 

i '*t^f Tjwt?! @*tt?r ^rt ^ <p*ilc*il i ^ 2TO0 5 ! R^ *Mc , *p 9 t $W <p<qos *1® i 

GiwiMi tom ^t ^Aiw nito 5 ^iwiwt i^ro *s\*w§ i to?i^ *topr, ^iS? 

RR"q <rocvo I ^ W*lt <iM(/il ^t <&\Z$ <iM(/il •fittsr WT | ^ssf *t*f 4#|i|# $f8H 
<j-wiR> <w j^m tjbt ^si^fHt g fain ^Rt ^g ^fmr wjwr ^© 
<?^ C*tffs *1# I "ftGRT UlCT* top WBPlt ?INT *1GT ’tWMt *MiRt to^o I 

<p®i<p|*KRI?I '*t*f £*tW < 10^51 <u<wjs 'R^[ <pc*i 'er*i'»ici>vo^vol <pw ^ R*r^*t toI *w<\ I 
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qft* S'sufito *ndfl^ (V 

i I ^ C^R ? 

^5. ftoRs^^l 

’t. ^£1^ W05f 

^ I "Hc^S C^\ C^R ' 5 TRW C<lPl 

*t. 9|jt% 




«l. v»ll^vecfl**)4 'sPl 
■*r. c^5i?t^wi 


^f. W®T 

^r. sfl^psrf 


vo 1 t<njjR><p ®ii^ ^0 ^it^o c^Kt ^rm c^r ? 

i. vdRpJctI*! v °i<WR ^K^f*l < P'olc<i ^TWt Rf 

ii. ' J iNc«i5i Rc<Pfi > 1c < nl'Q5J vo^ic^R ^cvo Rf ‘'tf'GTTR I 

iii. ^<pf5 ' 3 *1^ I 

Rc.t»fq C^R vS'Q^fi? ^il5<p 


^s. i 'Q ii ^f. i 'Q iii 

’t. ii 'Q iii i, ii 'Q iii 

fro? 5 ^ ^ ^ «nfor I ’iror 332 m s" 1 

G fSc<f|*l R)fe(.vo ^3^ ' p TtG I 

8. ,p npR \5^v©l h ’STR 'nc^ltt? W C l tRT ? 



B 


13.40 cm 
3.4 m 


13.40 m 
3.4 cm 





>*8 


ff. a<fg f&tajs crca i p^5 w ?ws aon^n ? 
a*. 0.10 s a. 0.12 s 

»t. 0.14 s *T. 0.18 s 

«t. ^SR%«q 

s i anwH cst% Mt>31 ^litoT ftw *ttaa f^sr xsisi *w4ftwH ’isHii atria al%® %aa 
'»i^hi pwict ai® ^5t cBOcsr csnsa an arapititos ’twa am , ®ia aspjptta at^a aims 
4t»WI I '5T3 a(4l ® *bsS>#b I C tM GSTI^t I '^IS'S Ji.WI I 

^ ? 

4. ‘W'jaiaa ^taa awit ^a i 

*t. atv 5 itt : Ri^iaia^t'si^ftat^p5 , tica 'Sa^'fl spw*f ^(*wiP ,| iT i i , T^awaswa1®ra i 
i?. aivaiwa <5*itasm ’■Fpjaa afearca ^ amt CT<nrt care arca? 



afa^gafa'a'treapir 
«t) < ii%ci*’4^'5awic : ^Tajwrasa 
*t) ’iwa^awtMi^faasai 

a) s care afeaaft mt ^iwa fat a i ftfaa* qffra* aieft a»a i 



